Introduction
The use of herbal drugs for the prevention and treatment of various types of illnesses is becoming highly recognized in modern medicine. For example, pharmaceutical companies are using herbal drugs as raw material for making pills, creams, syrups and different dietary supplements [1] . In addition, ordinary people use herbal drugs to brew tea which they then use either as a refreshment or as an aid, for medicinal purposes. Herbal-based remedies, in addition to their positive therapeutic effects, can have harmful effects on people's health. Inadequate use of herbal remedies during treatment, including unsupervised medication, or combinations with synthetic drugs, the ways in which teas are made (brewing tea, dousing the herbal drug in cold or hot water), can often times lead to harmful effects. The harmful effect of herbal remedies can originate from the presence of heavy metals in the raw part of the plant. Thus, numerous studies have indicated that the presence of heavy metals in herbal drugs, as well as the inadequate use of herbal remedies, represents a potential danger to people's health, due to their cumulative-toxic effect [2] [3] [4] [5] . Lead as a highly toxic heavy metal, with a cumulative effect, is one of the most common contaminants of found in plants [6] . The main sources of Pb in plants occurs during uptake through growth media, pesticides and fertilizers which are used during the vegetative period of the plant. Uptake of lead by plants can also be influenced by emissions of pollutants from industrial plants, motor vehicle exhaust gases and waste water. Elevated lead levels cause damage to plants such as delayed flowering, lower chlorophyll content and reduction in the number and quality of shoots [7] . The accumulation of Pb in certain parts depends on the plants lifecycle, mobility of the metal, soil composition, pH values, precipitation, and the presence of other ions and molecule types in the soil [8] . Recent findings have indicated that the greatest content of the highly toxic metal, lead, was detected in the leaf, then the root of the plant, while the lowest content of lead was found in the stems of the analyzed plants [9] . The lead which can be found in plants can lead to a morpho-physiological disorder in the plant itself, which is manifested in the decreased growth of the plant, smaller leaves, and a negative influence of the development of the root of the plant [4] . Interestingly, another source of lead contamination for raw plants and their products, can be leaching of materials that are used for plant packaging and storaging. Some studies have shown that lead has the ability to migrate from packaging materials under the influence of acid and base medium [10] [11] [12] .
Lead is a toxic metal with a cumulative effect, which can be introduced into the human body by inhalation, ingestion or coetaneous absorption [13] . Although its concentration can be relatively high in the liver and kidneys, lead is mainly deposited in the bones. The total content of lead in normal human bodies ranges from 100 to 400 mg and increases with age. In blood, the normal level is below 400 ng/mL [14] . The deleterious properties of lead are particularly significant in the central nervous system, kidneys and liver. About 90% of ingested lead is excreted in the urine and faeces owing to its transit through the gastrointestinal tract as insoluble sulphite [15] . The toxicity of lead to the human body has been proven in its ability to bond to -SH groups of enzymes and cellular proteins, which leads to changes in their functions or their inactivation. In addition, lead competes with essential metals (Ca, Fe, Cu, Zn), which can cause disorders in the biosynthesis of the hemo, kidney function disorders and disorders of the nervous and cardiovascular system [13, 16] . Bearing in mind the aforementioned detrimental effects of lead, even if found only in traces, it is necessary to determine and monitor the content of this metal in the raw plant material, herbal products as well as herbal teas. Analytical methods used for measuring concentrations of lead in tea samples include atomic absorption spectrometry (AAS), neutronactivation analysis (NAA), graphite furnace atomic absorption spectrometry (GFAAS), inductively coupled plasma atomic emission spectroscopy (ICP-AES) and inductively coupled plasma mass spectroscopy (ICP-MS). The success, as well as the frequency, of the abovementioned techniques differ. They both depend on the detection limit, selectivity and reproducibility of the given technique, the rapidity and simplicity of the method as well as the price of the device and its exploitation [5, [17] [18] [19] [20] .
The electrochemical stripping analysis (ESA) has the greatest sensitivity (10 −11 mol/L) just after the neutron-activation analysis (10 −21 mol/L). In addition, the cost of its application and exploitation is much lower than with the other above-mentioned techniques while the procedure for carrying out the analysis is relatively simple and fast.
The aim of the paper is to define the method for determining the lead in herbal tea samples by applying the potentiometric stripping analysis (PSA) with oxygen as an oxidant [21, 22] . Under the defined optimal experimental conditions, the overall content of Pb in the herbal drugs was determined, as well as the content of Pb which is released from them during the preparation of tea samples. The accuracy of the method is confirmed by parallel analyses with the graphite furnace atomic absorption spectrophotometry (GFAAS) as a reference method.
Experimental Procedures

Chemicals and solutions
In this study following chemicals were used: hydrochloric acid, (suprapure, Merck, Darmstad), nitric acid (suprapure, Merck, Darmstad), acetic acid -glacial 100% (p.a., Merck, Darmstad), sodium hydroxide (sigma ultra, Sigma-Aldrich), standard solution of lead ("Titrisol", Merck, Darmstad), mercury standard solution ("Titrisol", Merck, Darmstad). The working standard solutions are prepared by diluting the standard stock solution "Titrisol" with a concentration of 1.000 g/L, with bidistilled water. The acetate buffer (pH~4.00) was prepared from 1 M acetic acid and 0.1 M solution of NaOH.
Samples
Samples of tested herbal drugs were bought from different local health food stores and included chamomile umbel (Chamomillae flos), mint leaves (Menthae folium), sage leaves (Salviae folium), green tea leaves (Theae folium), bearberry leaves (Uvae ursi folium), senna leaves (Sennae folium), altea root (Altheae radix) and frangula bark (Frangulae cortex).
Sample preparation
To determine the overall content of lead, the sample of herbal drugs were mineralized using the dry digestion method [23] . Briefly, approximately 2-3 g of tissue was transferred into inert ceramic crucibles and heated to 60-80°C for 2 h. Samples were further heated to 500°C in a furnace for 12 h. The ash was diluted in 6 mol/L HCl (5 mL) with the addition of bidistilled water and filtered through a Whatman no. 541 tape. For each drug, one independent sample was taken for each of three different manufacturers. Tea drinks were prepared by infusion, decoction and maceration To determine the content of lead that was released from the drugs.
Infusion preparation
Infusions of herbs were prepared according to the instructions given by the producer. Approximately 3-5 g of herbs were placed in a glass beaker, 150 mL of boiling bidistilled water was added and the sample was covered and left to stand for 20 min. After cooling, the extract was separated from solids using a small sieve.
Decoction preparation
For the decoction preparations, 2.5 g of herbs were placed in quartz beakers and diluted with 100 mL of boiling bidistilled water. The samples were boiled under cover on a heating plate for 2 min and then filtered through inert PVC filter.
Macerate preparation
The macerate treatment consisted of crushing 3 g of herb tissue and then diluting it in cold water that was previously boiled. After 30 minutes of incubation, the solution was filtered through inert PVC.
Instrumentation
All the analyses were performed by using a commercially available computerized Stripping analyzer M1 (Faculty of Technology, Novi Sad and Elektrouniverzal, Leskovac, Serbia). The analyzer has a program for automatic qualitative and quantitative determination, involving the calculation of element contents. The instrument was programmed to give deposition potentials between −2 and 2 V and a constant current for the electrolysis or stripping step between −50 and 50 μA, with parameter setting accuracies of ΔE<2 mV and ΔI<0.2 μA. The time lapse between two consecutive equivalence points was taken as a measure of the sample concentration of the particular analyte dissolved in this interval. The dissolution time measuring accuracy was Δt=50 ms. Qualitative identification was based on the element dissolution potentials. The potential signal measuring resolution was E=2mV [24] . The electrochemical cell consists of a mechanical Teflon stirrer (1000-6000 rpm), an electromagnetic valve, electrodes and the process vessel.
A glassy carbon (SIGRADUR-G) working electrode of a total surface area of 7.07 mm 2 was pressed into the Teflon tube (outer diameter 8 mm) at an elevated temperature. An Ag/AgCl, KCl (3.5 mol/L) electrode was used as the reference and a platinum wire as the counter electrode. The comparative sample analyses were carried out on an graphite furnace atomic absorption spectrophotometer "Perkin Elmer", 1100.
General conditions of the PSA of lead
The PSA modification with oxygen as an oxidant was applied with the diffusion conditions of the mass transfer during the analytical step. This PSA modification was the simplest since it used the already present diluted oxygen as a means of oxidation that reduce the conta mination risk by applying other oxidation means. For the PSA, it was necessary that the analyzed sample be in soluble form, and the pH value must be in within the range from 3.6 to 4.2. To achieve this range of pH acetate buffer or hydrochloric acid was used as the sample buffer.
The working electrode was prepared as follows: a thinlayer mercury electrode on glassy carbon was used as an inert support. Before the preparation of the electrode, the glassy carbon surface was prepared by wiping with filter paper soaked first with acetone and then with distilled water. The mercury film was formed electrolytically from a solution containing 100 mg/L mercury (II) -ions and 0.02 mol/L hydrochloric acid, at a constant current of 50 µA for deposition time of 240 s. Once deposited the mercury film was used for 25-30 analyses of different sample types [11] .
General conditions of the GFAAS of lead
Hallow cathode lamp with 217 nm wavelengths was used as a radiation source. The argon flow rate through the graphite cuvette was 300 mL/min. Sample volume for all analyses was 20 µL. Conditions for determination of lead by GFAAS technique, five-step procedure, are shown in Table 1 .
Statistical analysis
All the measurements were carried out in five repeats, and presented as mean ± standard deviation (SD). Average relative deviation and coefficient of variation (CV) was used to compare the results obtained by PSA and referent GFAAS technique. Average relative deviation was calculated with the following equation:
and coefficient of variation with the equation:
w h e r e x is a mean value of five repeats. 
Results
For the sake of determining the optimal conditions of the PSA of lead in the chosen suppo rting electrolyte, the effect of the electrolysis potential, of the solution stirring rate and of the electrolysis time was examined. After the optimization of the determination conditions, both the linearity and the reproductively of the analytical signal were defined. For the sake of defining the optimal electrolysis potential, the potentials from -0.852 V to -1.052 V were examined (with respect to Ag/AgCl, 3.5 mol/L KCl) at the electrolysis time of 999 s (for C m =1 µg/L) and 600 s (for C m =10 µg/L). For each particular potential five re petitions were done while the highest values of the analytical signal were obtained at the po tential of -0.977 V with the reproducibility of 2.54% expressed as a variation coefficient (CV); this value of the potential was adopted in all further examination.
The lead dissolution potential (qualitative characteristic) was always around -0.38 V independently of the electrolysis potential. The effect of the electrolysis potential upon the lead PSA results was examined within the time range from 600 s to 999 s for the lead contents of 1 µg/L and of 300 s to 540 s for the lead contents of 10 µg/L.
By examining the factors effect upon the lead PSA results, the optimal time of 900 s was determined for the lead contents of 1 µg/L with the reproductivity expressed through the variation coefficient (CV) of 2%, while for the contents of 10 µg/L the electrolysis time of 300 s (CV=3%). The solution stirring rate (that is, of a Teflon stick stirrer revolution) was examined at the values of 1000, 2000, 4000 and 5000 rpm The optimal stirring rate rapidity of 4000 rpm was adopted with the variation coefficient of 3.22% (C m =l0 µg/L) and 2.68% (C m =1 µg/L). The linearity of the analytical signal of lead was examined on the solutions of the mass concentration of 1-5 µg/L at the electrolysis potential of -0.977 V and the electrolysis time of 600 s. Figure 1 shows the linearity of the analytical signal of lead as the oxidation time dependence of concentration. Regarding a high value of the correlation coefficient (r>0.99) it can be said that within the examined lead concentration range there is a very good linearity of the analytical signal.
With defined optimal conditions, deposition time 600 s, deposition potential -0.977 V, stirring rate 4000 rpm, volume of 25 mL of sample was analyzed. The results were obtained using a calibration curve. Table 2 and 3 show the overall content of lead in the herbal drugs and the lead content in the prepared tea drinks respective, determinate by PSA and GFAAS, the average relative deviation of the PSA results and of the GFAAS (δ). The original records of the complete analysis of a sample is represented in Figure 2 . Percentage of released Pb in herbal teas, is shown in Figure 3 , and it is calculated by values that are shown in Table 2 and Table 3 .
Discussion
The smallest content of lead was detected for the chamomile plant (Chamomillae flos) and ranged from 0.73 to 0.77 μg/g, while the highest content of Pb was determined in the frangula bark sample (Frangulae cortex), and was approximately 3 μg/g. In the case of the remaining drugs, the overall content of lead ranged from between 1 and 2 μg/g ( Table 2 ). The degree of contamination of the soil surface from which the herbal drugs were collected had an effect on the overall content of heavy metal in the drugs, in addition to numerous pollutants (exhaust fumes from motor vehicles and industrial facilities, waste water) [14] . Chong Wei Jin et al. [3] indicated that the overall lead content in green tea leaves depends on the area in which this plant type is being grown. Thus, in the green tea leaf from the area that is in the vicinity of the pollutant, the content of lead is approximately 4.50 µg/g, and in the same plant type from an unpolluted area it is approximately 0.1 µg/g [3] . An additional source of heavy metal in teas can also be the way they are packed (filter bags, paper bags, aluminum foil), as well as transported and stored [25] .
The content of lead in the teas brewed from the herbal drugs ranged from 0.26 to 1.23 μg/g. The difference in the lead content in these samples could be the consequence of the way the tea drinks are made. In the case of teas made using the maceration process (dousing in cold water), a lower content of lead was determined than in the case of tea drinks made by boiling (decoction) or dousing with hot water (infusion). Thus the content of lead in the tea obtained from the frangula bark (Frangulae cortex), through decoction, was approximately 4 times higher than the content of soluble lead in the tea made from the marshmallow or bearberry plant by dousing it in cold water ( Table 3 ). The influence of the way in which tea drinks are prepared, using infusion (sage and mint) and maceration (bearberry and marshmallow), was confirmed through the percentage of the lead released from the herbal drugs. The overall content of this metal in the aforementioned herbal drugs was approximately the same, but the percentage of released Pb in during the infusion process was 1.5 times greater than during the maceration process ( Figure 3) . The results obtained in this paper are in agreement with the results of studies of authors who have shown that the preparation of tea drinks can lead to different contents of released lead from various herbal drugs [17] . The studies in this paper have shown that in addition to the means of preparation, the morphology of the herbal drug can influence the migration of the metal ions from the drug into the tea drink. Thus from chamomile, whose umbel is hollow, lead is released in approximately the same percentage (approximately 45%) as in the case of the frangula bark which has a firm wooden structure, irrespective of the significant difference in the overall content of lead in these plant types ( Table 2, Table 3 and Figure 3 ) [26] . Figure 3 (sample 4) shows that the lowest levels of the percentage of lead was released from the green tea (approximately 15%) which indicates that the migration of Pb from this herbal drug into the prepared potion was the smallest. On the basis of the percentage of the lead released (Figure 3 ) from the herbal drug during the preparation of the herbal teas, we can see that there is no significant deviation in terms of the content of this metal in the samples of the same herbal drug from different manufacturers.
The results of this study have shown that the overall content of lead in the studied samples of herbal drugs was approximately 2-3 times lower in comparison to the content prescribed by the rule book of Republic of Serbia [27] , and approximately 4-6 times lower in comparison to the content which is prescribed by the World Health Organization [28] . Nevertheless, bearing in mind the cumulative-toxic effect of lead, even when found only in traces, the continued determination and monitoring of its content both in raw plant material, and in the tea drinks themselves is necessary.
On the basis of the results obtained in this paper, we can conclude that the analyzed herbal drugs contain certain amounts of the toxic metal lead however, the lead content was within the limits prescribed for this metal. The lead content varied depending on the plant type being analyzed, and the manner in which the tea drink was being prepared. Thus, the greatest content of this metal was found in the teas prepared by means of decoction (Frangula bark), while the lowest were found in those prepared by means of maceration (Altheae radix).
The lead content released from the herbal drug into the tea was 3 to 5 times lower in comparison to the overall content of this metal. The lowest percentage of released lead was found in the green tea drink, which indicates that the migration of Pb from this herbal drug into the tea was the smallest. All results were confirmed by parallel GFAAS comparative analysis.
